In Lovoa trichilioides Harms (African Walnut) trees grown in the Nigerian swampy lowland rainforest, the growth rings are clearly visible and annual; the termination of each ring can be distinguished by a zone of thicker walled fibres and a narrow band of parenchymatous cells. The areas of the growth rings were computed from the ring widths and the radius of the pith of each disc. Variation in ring width between the sample plots was not significant. Between-tree variation in ring width within the sample plots was very highly significant with a variance component (V.C.) of 6.1 per cent. It is likely that part of the between-tree variation was genetic because the trees within plots were of the same age, planted at the same spacing and grown under uniform environment. The effect of distance above the ground on ring width was significant with a V.C. of 3.6 per cent. The average width of the outer five growth rings increased steadily up the tree from 3.4 to 4.7 mm. The effect of the interaction of trees and distances above the ground was very highly significant; V.C. = 14.2 per cent. The effect of cardinal direction on ring width was not significant. The age effect on ring width was very highly significant; V.C. = 40.0 per cent. Ring width decreased considerably with age from 13.2 mm in the first year to 1.5 mm in the 11 th year. Regression analysis showed that up to 91 per cent of the variation in ring width was determined by corresponding variation in age. The interaction effect of trees and ages was very highly significant; V.C. = 8.1 per cent. Ring area increased with age up to a point and then decreased steadily with age. For the quadratic model, up {o 96 per cent of the variation in ring area was explained by variation in age. Ring width and ring area were neither strongly related to crown diameter nor crown per cent.
Introduction
Determination of growth rate of tree species from wood anatomy is an important technique especially in species that have clear annual rings. In cases where tree diameter and height measurements were not made annually during the life of the tree, accurate analysis of wood properties can give reliable information on past growth rates. The determination of past growth rates from wood anatomy is relatively easy in temperate trees because cross-sections of such trees show distinct annual rings. This is because the temperate climate has an annual season (the winter) which induces dormancy and stops growth of trees for a while. Annual rings are not always easily observed in tropical trees. However, some tropical trees possess annulll rings which result from periodicity in the types of elements formed by the cambium (Amobi, 1974) . The periodicity of cambial activity may result from the fact that trees experience a distinct dry season or other seasonal rhythms based on variations in site factors such as day length and solar radiation. Fahn et al. (1980) reported that the prospects of finding anatomical methods of determining the age and growth rate of some tropical trees were fairly promising and that research projects on this subject should be encouraged. Akachuku (1981) determined volume and weight growth of Gmelina arborea, a hardwood species with annual rings, from its wood properties using X-ray densitometry. The values obtained were close to those obtained from periodic measurements of tree height and diameter growths.
Silviculturists are interested not only in tree growth rate but also in factors likely to control it. Such information is important in forest management. Radial growth rate (ring width) is controlled by the genetic constitution of the tree, environmental factors and age. It also varies along and around the tree bole (Duff & Nolan, 1953; Farrar, 1961; Hughes, 1973) . The crown length expressed as a proportion of the tree total height markedly influences annual xylem increment along the bole (Kozlowski, 1971) .
The objectives of this study were to determine how ring width of Lovoa trichilioides (African Walnut), a hardwood tree species varied with (a) sample plots within a site, (b) trees of the same age within the plots, (c) distance above the ground, (d) cardinal direction, and (e) age. The variation in ring area with age was also determined as well as the relationship between crown size and radial growth rate (ring width and ring area).
Material and Methods
The study area and the plantation of Lovoa trichilioides Wood samples were collected from a plantation of Lovoa trichilioides in Ukpe Urhobo Forest Reserve in Sapele, Bendel State of Nigeria. The vegetation of the area is tropical moist evergreen swampy rainforest. The climate is of the equatorial type: the rainfall is heavy and the temperature is high and equable. The year can be divided into a dry season, December to February, and a wet season, April to October inclusive, the remaining months being transitional. There are two rainfall maxima in a year, one in June and July and the other in September. Mean annual rainfall is about 210 cm. The mean annual temperature is 25.5°C, the mean daily maximum is about 31.5°C and the mean daily minimum between 19° and 24°C. The relative humidity at 9 a.m. is about 83 per cent.
The Lovoa plantation was about 4 ha; the planting spacing was 3.66 m x 3.66 m and the plantation was II years old at the time of sample collection.
Field sampling
Two sample plots were selected at random from the plantation. Five trees were selected at random from each plot giving a total of ten trees. Total tree height, crown diameter and crown depth expressed as a percentage of the total tree height were determined for the sample trees. The cardinal directions: East, West, North and South were marked on standing sample trees. Wood discs about 7 cm thick were cut from felled sample trees at breast height, 1.3 m above the ground and at 5, 25, 45 and 65 per cent of the tree total height. The cardinal directions were marked on each disc.
Determination of the widths and areas of growth rings
The discs were stacked and air-dried slowly in the laboratory to eliminate splitting and distortion. The surfaces of the dry discs were smoothed on a belt sanding machine till they were highly polished. Growth rings were clearly visible on all the discs because the termination of each ring was distinguished by a zone of IAWA Bulletin n.s., Vol. 5 (I), 1984 thicker walled fibres and a narrow band of parenchymatous cells. The number of rings on the discs cut near the base of the trees was equal to the known age of the plantation (II years) in all the sample trees. This shows that growth rings are annual in Lovoa trichilioides and therefore represent annual increments.
Ring width -The widths of growth rings were measured in millimetres to one place of decimal after marking their boundaries under the microscope. Measurements were taken for rings from pith to bark in four radial directions: along the East, West, North and South.
Ring area -Areas of growth rings were computed for all the rings in each of the discs cut from 5 per cent of the tree height. Ring area was calculated using simple geometrical formulas for the area of circular surfaces.
Statistical analysis
An analysis of variance was computed with data of ring width obtained from the following orthogonal sample: 2 plots within the site -random effect; 5 trees per plot -random effect; 4 discs per tree -fixed effect; 4 cardinal directions per disc -fixed effect; 5 rings in each cardinal direction in each disc -fixed effect. The first 5 rings from the bark were sampled from each disc. Variation along the bole was therefore examined in the oblique sequence.
Regression analyses were also computed fit- The coefficient of determination, r2 , and the index of determination, i 2 , were computed. These terms (r2 and j2 ) show the proportion of the variation in the values of the dependent variable that can be explained by, or estimated from, the concomitant variation in the values of the independent variable. r 2 was used to describe linear relationships, while non-linear relationships were described by j2 (Ezekiel & Fox, 1961) .
Results and Discussion

Plot effect
The analysis of variance showed that the effect of plots on ring width was not significant, with a zero per cent variance component (V. C.} as shown in Table I . It is therefore clear that the radial growth rates were very close in the two parts of the plantation where the sample plots were established. This is not surprising since the two plots were from a small stand (4 hal. is, significant at 0.1 per cent probability level.
Tree effect
The effect of trees (within plots) in ring width was very highly significant, the V. C. was 6.1 per cent. Since the trees within the plots were of the same age, planted at the same spacing and grew in a uniform environment, it is likely that part of the between-tree variation in the radial growth rate was genetic. This indicates a possibility of tree selection and breeding to increase yield in Lovoa trichilioides.
The effect of distance above the ground
The variation in ring width with distance above the ground expressed as percentage of the tree height was significant (at 5 per cent probability level) with a V.C. of only 3.6 per cent. Ring width increased up the tree in the oblique sequence. The mean value of ring width up the tree (in the oblique sequence, that is, the mean values of the five outer growth rings at different height levels) were 3.4, 3.6, 3.7 and 4.7 mm at 5, 25, 45, and 65 per cent of the tree height respectively. This small but consistent increase in ring width up the tree seems to agree with the auxin gradient theory (Larson, 1964; Wareing et aI., 1964) . The theory states that the endogenous auxin arising in the apical regions of growing shoots stimulates cambial division and xylem differentiation, in particular the expansion of cell size, in the stem below. Therefore proximity to the crown assures a high growth rate. However, an increase in ring width up the tree does not always mean an increase in the amount of wood formed. This is because trees taper upwards, and therefore a small increase in ring width up the tree may be smaller than the corresponding decrease in stem diameter.
The effect of cardinal direction
Cardinal direction had no significant effect on radial growth rate; the V.C. was zero per cent. It is therefore clear that the cambial activity around the tree was fairly constant. It also indicates that the environmental factors operating around the trees were approximately uniform.
The effect of age
On ring width: The effect of age on ring width was very highly significant with a V. C. of 40.0 per cent. Ring width decreased considerably with increasing age of the tree (Figs. 1,3 &  5) . Ring width decreased from 13.2 mm in the first year of wood formation to 1.5 mm in the 11 th year. Regression analysis showed that 83 * The relationships were not statistically significant.
to 91 per cent of the variation in ring width was associated with corresponding variation in age for linear and quadratic models. On ring area: Ring area increased with age to a point (in the fifth or sixth year of wood formation) and then decreased steadily with age; the relationship was therefore curvilinear (Figs. 2, 4 & 6) . About 94 to 96 per cent of the variation in ring area was explained by variation in age for the quadratic model.
Ring area is a better index of radial growth rate than ring width. Formation of wide rings near the pith may not necessarily mean that the yield is high. A wide ring in a small young tree may contain a smaller amount of wood than a narrow ring in a large mature tree.
Effects of factor interactions
Out of the six interaction effects assessed (Table I) , two were of practical importance: the interactions of (a) trees and distances above the ground (V.C. = 14.2 per cent) and (b) trees and ages (V. C. = 8.1 per cent). It is therefore clear that although ring width increased with distance above the ground and with age, the magnitudes of the increases differed in trees. This might be related to differences in the genetic constitution of individual trees.
Effect of crown siz.e
Crown diameter -Regression analysis showed that mean values of ring width and ring area were not strongly related to crown diameter. The proportions of variation in ring width associated with variation in crown diameter were 22 per cent for the linear model (positive) and 27 per cent for the quadratic model. For ring area the proportions were 18 per cent (positive) and 30 per cent for linear and quadratic models respectively (Table 2) .
Crown per cent -20 per cent for the linear model and 37 per cent for the quadratic model of the variation in the mean values of ring width were associated with variation in tree crown per cent. Although there was some tendency for tree mean ring width to decrease as crown per cent increased, the relationship was not strong. The variation in tree mean ring area with· crown per cent did not fit the linear model. For the quadratic model, 39 per cent of the variation in the tree mean values of ring area was associated with crown per cent ( Table 2) .
The weak relationships between radial growth rate (ring width and ring area) and crown size (crown diameter and crown per cent) were probably because some of the factors which control the branching habit and tree self-pruning process (which determine the crown per cent) may not strongly control the amount of xylem produced. Also, according to Kozlowski (1971, quoting the results of other researchers), stem wood production is not linearly related to the amount of leaves per tree if branch wood and other dry matter in various parts of the tree are excluded. But if the entire weight increment is considered, the growth and amount of foliage will approach a strong and linear relationship. It is therefore clear that crown size is not a good index of the amount of xylem produced within the main tree bole, rather it is a measure of the total biomass growth rate.
